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Funding from the Engineering and Physical Sciences Research Council (EPSRC) and the Maths, Stats & OR Network (MSOR Network) has allowed a team at the University of Southampton to develop statistics eLearning websites for i) the design and analysis of experiments, and ii) modern regression methods. The websites have a particular focus on the application of the methods in chemistry research but much of the material is generic. Some key features are: i) the use of authentic chemistry examples to stress the relevance of statistics in real applications;
ii) the use of interactive examples which make use of R [1] functions and routines to allow students to engage with the material; and iii) the provision of some formative feedback to students via "scenarios" based on simulated data and also multiple choice questions.
An earlier article [2] introduced the design of experiments (DOE) website and its philosophy. In this article, we focus on the additional interactive elements that have been added to the DOE website by a MSOR mini-project over the last year, introduce the regression website and compare its design and implementation with the DOE page, and discuss the use of both websites with a variety of student groups and review the feedback we obtained.
Aims of the project
The specific aims of the MSOR mini-project are:
1. To improve the presentation and interactivity of the website: during the development of the website, we have tried to follow the guidelines for online material set out by Oliver [3] . In particular, the interactive examples allow for both stimulation and planned participation of learners. Through collaboration with a computer scientist, the web-design incorporates best practice in design and implementation providing good structure and navigation and optimised graphics. The statistical analysis and simulation tools allow not only for student interaction but also for learning via repeating, with students able to reflect on results whilst trying different approaches [4] .
2. To introduce formative student feedback and assessment: at the outset of the MSOR project, the feedback offered by the website was limited in scope. The student can see the results of their decisions through the incorporated R functionality, but are rarely given feedback on the appropriateness of any choices that they have made. Further, there is no attempt to assess the student's understanding of the concepts discussed by the modules. To improve this aspect, currently two forms of formative assessment are being incorporated: a) Assessment of concepts and understanding via a database of multiple choice questions, with topicspecific questions for each section of the modules.
b) Assessment of the application of statistical methods to real and simulated data. Specially developed scenarios, using both real data sets and simulated data, allow the appropriateness of a student's decisions will be assessed relative to previous expert analysis or statistically valid model evaluation criteria (such as R2, PRESS or outlier identification measures).
3. To evaluate the modules within statistics courses: the modules are being incorporated in to undergraduate and postgraduate courses at various points in their development.
Interactive exercises with feedback
In order to provide formative feedback to students and allow self-assessment of learning objectives and understanding on the DOE website, two interactive exercises with feedback have been developed and implemented, along with an expanding database of multiple choice questions. The first interactive exercise is in Section 5 of the website, where a simple exercise is used to assess students' interpretation of an analysis of variance (ANOVA) table. For a given set of simulated data, students are asked to select which main effects and interactions from a factorial experiment should be taken forward to a further stage of experimentation. Their answer, which should be based on assessing p-values, is checked against the "correct" answer, and some brief feedback is given to let them know either they were correct or to give them a brief indication of where they went wrong.
The second interactive exercise is more complicated and is centred around a linear story based on a series of designed experiments carried out at GlaxoSmithKline [5] to maximise the yield of a chemical reaction. Data are generated from a simulation model based on the final statistical model derived by [5] using a central composite design with four factors. A full second-order model is fitted to the data and, after discussion of Mallows' method (see, for example, [6] , p. 174), the students are presented with the change in the mean square prediction error (MSPE) achieved by dropping each term in the model. The table of MSPE values is updated after each term is dropped, so allowing students to select a final model through refinement. Once a model has been chosen, students are asked to interrogate it graphically to predict the optimum yield. The students' prediction is compared to the actual optimum from their selected model, and also the model that should have been selected using Mallows' method. Therefore, both interpretation of a fitted model and use of the model selection process are assessed. Feedback is given to the students on both these points and, if their selected model was inadequate, they are invited to go back and try again to select a model, using a new set of data.
This exercise is technically more demanding, from both an education and implementation point of view. The interactive elements are spread across several pages, with exposition of the different statistical ideas (such as MSPE) in between. The motivation is to try and begin to replicate the real-life process of model selection and interpretation that follows a designed experiment. Two different stages of the story are illustrated in Figs 1 and 2. The process of model selection is shown in Fig 1, where the students are presented with the table of the changes in MSPE resulting from dropping each term and asked to select terms to drop using tick-boxes. In Fig 2 , students are asked to examine their model graphically using different two-dimensional plots, and then predict the optimum yield. The feedback helps students to assess the adequacy of their selected models, and their subsequent interpretation of them.
Multiple choice questions
A database of multiple choice questions has been established and seeded with an initial set of questions related to the material in the Currently, the questions are implemented as a stand-alone website that can be accessed by instructors and students. The questions are stored in XML files with a web-interface, allowing additions to be easily made to the question database. There are fields for the question itself, up to four possible answers, and feedback for each answer.
Regression website
As part of the Combechem EPSRC e-Science project, a companion site to the DOE website is under development, focusing on the application of modern regression methods to chemistry research. The topics covered are linear regression, residual diagnostics and model evaluation techniques (starting with R 2 and progressing to more complex methods, such as bootstrapping). The material in the website is motivated by a data set of 200 organic solutes, for which descriptor values were calculated by [7] using statistical mechanics simulations (see also [8] ). Interactive examples using this data illustrate the statistical methods. Although sharing a common educational aim to the DOE site, the design philosophy is quite different and a different method is used to integrate the web-browser with R (see Technical Details below). The two websites are designed to stand alone and as such, there is some repetition of basic ideas and concepts.
The regression site will have five sections when complete:
1. Introduction to the substantive (chemistry) problem;
2. Regression models: introducing the concept of a two part model, with a systematic function and an error random variable; The focus of the website is on concepts and intuitive understanding, not mathematical or computational detail. The interactive exercises enhance this understanding by encouraging students to consider graphically the process of model fitting and, for example when considering leverage, the influence of individual observations. Fig 4 gives some examples of the interactive exercises. In 4(a), the student is asked to fit a regression line "by eye", with his/her success measured by the sum of the squared distances from the line to the data points; in 4(b), students can select different points in a 3d predictor space and get a measure of the leverage for the individual point and the average leverage for all data points. The output in both cases is generated by calls to appropriate R routines.
Technical details
The regression and DOE websites use different systems to interface between the user's webbrowser and R, which is running on the server. The regression website uses the Rserve package [9] ; the DOE website takes a novel approach developed at Southampton using JSP tags. Both systems are operating system and browser independent, and require no specialist software on the user's computer.
Rserve can act as an TCP/IP socket server, allowing binary requests to be sent to R across a network. As each connection to R has a separate workspace and working directory, multiple users can access the website independently and access only the simulation results generated by their own inputs. PHP functions have been written to interface between the browser and Rserve: r_connect() to start the connection with Rserve, r_write() to pass commands to Rserve, and r_read() to read the response from Rserve.
The DOE website uses Java'a JSP technology to provide the interface to R, which allows Java code to be embedded within the HTML of a website. JSP allows the development of custom tags, which resemble HTML or XML tags. When the webpage is retrieved by a browser, the custom tag is replaced with the output of the Java code associated with the tag. This code is invoked on the server and so no Java software is required on the client machine.
A library of custom JSP tags has been developed to allow the embedding of R scripts within the website. An R script is dynamically invoked when an access is made to a webpage. Through tags, input boxes can be added to pages to allow values to be submitted to scripts, and the output from the scripts presented to the user. To allow pages to be interactive, parameters may be passed to scripts. Inside R, these take the form of global variables. The variables are defined within the JSP tag; for example, the following code would invoke the script named "interactive.R" with the variable 'x' set to the value of 123: <rembed:script name="interactive.R"> <rembed:variable name="x" defaultValue="123" /> </rembed:script> <rembed:controls /> Tags were developed similarly to allow the embedding of plots and tables, outputted from the R scripts. Each R script is given a special directory by the embedding code where it can place output files. These temporary files are unique to each user and allow multiple users to access the pages at any one time. Any such output files are collected after the script terminates so that they may be presented on the page. JSP tags were also developed to allow data to be passed between R scripts, thereby allowing data to be passed between different pages on the website and to be manipulated on each page. This was achieved through the Interactive eLearning statistics modules for design of experiments and regression methods -Dave Woods JSP session, which provides storage that persists between page accesses. These tags are used extensively in Sections 5 and 6, where linear "stories" are told through a sequence of webpages using simulated data.
The use of two different systems allows the possibility of a comparison of their relative merits. Using the off-the-shelf Rserve package reduced the development time for the regression website. However, the ability to develop custom JSP tags, tailored to the interaction in the DOE website, has allowed the provision of complicated scenarios that unfold across multiple pages. Further comparison of the systems will be possible as the regression website expands to have similar functionality to that of the DOE website.
Student feedback
During the last two years, the websites have been used as part of courses in the School of Chemistry (Informatics course for 4th year MChem students) and the School of Mathematics (final year BSc course in Design and Analysis of Experiments, and an MSc course on Design of Experiments). The students on these courses would have different levels of mathematical and statistical sophistication, with many of the chemistry students having little or no background in the methods, the final year mathematics students being near the end of a degree in mathematics, and the MSc students having mixed backgrounds.
The courses used the websites in different ways. On the informatics course, both the regression and DOE websites were integral to the learning objectives on these topics and were blended with lectures and workshops to provide thorough coverage. The students' main piece of coursework required methods from design and regression modelling, to select a diverse subset of molecules from a database and fit statistical models to simulated responses. In the mathematics and MSc courses, the DOE website provided background material and additional examples, often taking a different, more intuitive, approach. For the MSc course, where the students often have very different backgrounds, the website is also recommended for revision and to make sure students are familiar with basic ideas and concepts.
In order to get formative feedback on the websites, student opinion was sought in a variety of ways. Informal conversations in computer workshops proved extremely effective, particularly in highlighting bugs and errors that required immediate attention. Simple questionnaires were also issued in all the lectures. Potential questions were identified following the suggestions of Stergioulas et al [10] , who identified 5 categories of student questions: 1. Content; 2. Interactivity; 3. Presentation; 4. Delivery and support; and, 5. User satisfaction. We focused on the first three categories, designing a simple questionnaire with the following questions:
1. Did the website assume too much prior knowledge? Three categories of response were offered: agree, maybe, and disagree. In addition, a comments box was also included. For the mathematics and MSc students, the questionnaires about the DOE website were issued with an exercise sheet, to try to engage the students with the website and then register their reactions. With the informatics students, the questionnaires were issued with the coursework. Although response rates were generally poor, much useful information was gleaned from the exercise. Quantitative summaries of the questionnaire results, broken down in chemistry and mathematics students, is given in Figs 5(a) and 5(b) respectively for the DOE website. Results for the regression website are given in Fig 5(c) for the chemistry students.
The figures demonstrate the mostly positive responses garnered from the students, whilst highlighting areas for future development, namely additional explanation of the interactive exercises on the DOE website and the addition of extra primer material on the regression website. The DOE website received generally more positive feedback than the regression site. This is to be expected, as it is at a more mature stage of the development process. Substantial benefit was also gained from comments by individual students, which brought specific aspects of the design and content to the development team, enabling feedback led modifications to the websites that improved. For example, the explanations and presentations in Section 2 of the DOE website directly benefited from student comments.
(a) Mathematics students on the DOE website; 
Summary
This MSOR mini-project has helped to fund the development of two eLearning websites on the design and analysis of experiments, and modern regression methods. The primary audience of these websites is undergraduate and research chemists requiring knowledge of statistical methods for their work. As such, the authentic chemistry examples are used to motivate and illustrate the methods. However, the material is generic enough to be used in general statistics courses. We believe these websites provide a significant contribution to the eLearning resources available to the statistics and chemistry communities.
The websites are still under development, and we welcome further feedback and suggested improvements from the MSOR community. The websites can be found at
• http://www.doe.soton.ac.uk/elearning (DOE) and
• http://chemtools.chem.soton.ac.uk/projects/stats/ (regression).
Further details of the work can be found in the proceedings of Compstat 2006 [11] , where the DOE website was presented in August 2006.
